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This research focuses on the analysis of the measurement result of the virtual lock-in 
amplifier (virtual-LIA) in the light transmission experiment as the trial step of developing 
the virtual-LIA. The virtual-LIA used in this research is designed by using the Vernier 
sensor DAQ as the data acquisition and the LabVIEW as the programming media. The 
design of virtual-LIA is based on the mathematical operations of LIA. The type of virtual-
LIA is a single phase with the capabilities to process the external reference signal. Light 
transmission experiments are carried out using formazin polymer suspension with 
turbidity level of 3000 NTU, 3500 NTU, and 4000 NTU as the medium in which light is 
passed. The accuracy of the measurement results is known by comparing the results of 
virtual-LIA with real-LIA SR510. The experiments are also carried out in bright and 
darkroom conditions to determine the ability of virtual-LIA in reducing noise signals. 
Based on the experiment, the results obtained that the measurement accuracy of the 
virtual-LIA developed is above 94% compared to the LIA SR510. Virtual-LIA could 
measure small signals with and without noise with the average percentage of differences 
measured between dark and bright conditions is 0.54%. 
Keywords: Lock in Amplifier, LabVIEW, single phase, external reference, turbid water. 
 
1. Introduction 
The measurement of the intensity of light sources, such as LEDs using a photodiode, is easy to conduct 
but quite difficult to obtain an accurate value because we cannot control the number of noise signals. 
The voltage on the photodiode represents the intensity of LED, but the intensity of the LED is distracted 
by sunlight and other lights around it so the value measured will not be accurate if we just use the 
general multimeter. 
The way to solve this problem is by using the lock-in amplifier (LIA) instrument. LIA implements 
a phase-sensitive detection (PSD) method, which can measure very small signals that are covered by 
noise signals by reducing the signal which does not have the same frequency as the measured signal 
[1]. Unfortunately, the single-phase LIA instrument is very expensive (~$5000) [2]. That condition is 
raising the researcher's idea to make it into a software-based (virtual) so it can be more economical. 
Some researchers who have developed the virtual-LIA are Trieu and Duc [1] which makes LIA-based 
LabVIEW to measure small signals, Stadler et al. [3] that create a virtual lock-in amplifier to measure 
noise on the resistor, Song et al. [4] uses a virtual-LIA to detect carbon monoxide gas, Ye et al. [5] to 
make digital LIA LabVIEW-based software to detect power traveling wave signal, Gao et al. [6] who 
developed the single-channel virtual input dual-phase LIA, Nahar et al. [7] developed the single phase 
virtual LIA with internal reference based on LabVIEW, and also Madrid and Lopez [8] who developed 
digital two phase LIA based on LabVIEW. 
It is different from the previous studies, the author has developed the simpler type of virtual-LIA, 
which is the single-phase type with the external reference. This new type of virtual-LIA provides 
additional alternatives and variations in the development of virtual-LIA. 




This research will focus on the implementation of virtual-LIA that has been developed in light 
transmission experiments as a trial step for the development of virtual-LIA. The measurement results 
of the virtual-LIA will be compared with the results of the real-LIA SR510 and oscilloscope to 
determine the accuracy of virtual-LIA measurements. 
 
2. Method 
2.1. Virtual-LIA Design 
The development of this virtual-LIA based on the mathematical operation applied in LIA. LIA is an 
instrument used to measure small signals covered by noise [9], [10]. LIA processes the periodic signal 
(such as AC signal) and measures the amplitude and phase of the signal [11]. The working principle of 
LIA is applying a technique called phase-sensitive detection (PSD) [9], [12]. PSD is a technique to 
reduce noise by matching the frequency and phase of the noise signal with the reference signal which 
has been modulated with the input signal. The noise signal which has no equal value of the frequency 
and phase with the reference signal will be filtered to produce a value of the input signal amplitude. 
LIA can measure a small periodic signal that is covered by the noise signal amplitude which is much 
greater than the periodic signal itself [13]–[15]. 
LIA is composed of the three main parts to processing the periodic signal namely, the reference 
signal generator, the multiplier, and the low-pass filter (LPF). PSD process occurs in the multiplier and 
the LPF [12], [15]. Based on the number of PSD, there are two types of LIA namely, single-phase LIA 
and dual-phase LIA [16]–[18]. In this study, the author has developed a single-phase virtual-LIA using 
the following basic mathematical operations. 
Suppose there is an input signal, 
 
cos( )in in inV A t    (1) 
 
and the reference signal 
 
 cos( )ref ref refV B t    (2) 
 
Both signals are then processed in the PSD through the multiplier 
 
 cos( ) cos( )in ref in in ref refV V A t B t         (3) 
 
Based on the rules of trigonometry, the result of multiplying both signals are as follows 
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Frequency of the reference signal should be equal to the frequency of the input signal (ref = 
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PSD in ref in refV AB t          
 (5) 
 
VPSD then passed to the LPF that will eliminate the trigonometry component that have 2t value and 





PSD in refV AB     (6) 
Equation (6) showed that there are components of the phase difference between the reference and the 
input. The single-phase LIA needs to be done to adjust the reference phase and resulting VPSD maximum 
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Figure 1. Block diagram of virtual-LIA. 
 







  (8) 
 
All the mathematical operations above, then programmed in LabVIEW block diagram uses the 
LabVIEW function palettes. 
Figure 1 shows the general design of the developed virtual-LIA's block. There were two main 
parts of the virtual-LIA that have been developed, 1) the data acquisition program and 2) the main 
program. The input signal is covered by noise and reference signal read by data acquisition tools. It 
transforms the analogue signal from photodiode into digital signal then, using the data acquisition 
program, forwards it to the LIA main program to be processed.  
In the main program, aside from writing all the LIA's mathematical operation in the block 
diagram, the author uses the manual phase-locked loop (PLL) function to adjust the frequency and phase 
of a reference signal virtually from LabVIEW and the band-pass filter (BPF) component to reduce noise 
that covers the input signal. The signal from BPF and manual PLL then passes the PSD process 
(multiplier and LPF) to result the output signal measured. 
2.2. Experiment 
To find out the accuracy of the measurement results, the virtual-LIA that has been developed then it is 
tested to the light transmission experiment in turbid water. The transmission value calculated uses the 





  (9) 
 
Where T is the light transmission value of light, I0 is the intensity of the incident light, and Ii is the light 
intensity after passing through the medium [19]. In this study, the value of light intensity will be 






  (10) 
 
where V0 is the detector voltage before the light passes through the sample and Vi is the detector voltage 
after the light has passed through the sample [20], [21]. 




In this experiment, virtual-LIA is used to measure the voltage of the SP-8 ML photodiode sensor 
as a light detector. This sensor could capture light which has wavelength between 450 nm to 1050 nm. 
This wide range of capturing makes the sensor more sensitive to capture a variety of light besides of 
the main light source. This capability is needed in testing the virtual-LIA to see its ability to filter noise 
and produce accurate output. 
The SP-8 ML photodiode sensor reads the signal from a green laser as a light source. It has a 
wavelength of about 532 nm. This laser is used because it is a coherent light source. 
The turbid water used in this experiment is the formazine polymer suspension with turbidity 
levels of 3000 NTU, 3500 NTU, and 4000 NTU. The purpose of using the water sample with high 
turbidity is to produce a small signal from a light source. Variation of the turbidity value is applied to 
see the consistency of virtual-LIA in measuring small signals. Furthermore, this small signal is read by 
the photodiode sensor. This condition is needed to see the accuracy of the virtual-LIA in measuring 
small signals that are covered by noise. The circuit scheme of the light transmission experiment in turbid 
water is shown in Figure 2a. 
Just like the actual LIA device, virtual-LIA will only process periodic signals. Therefore, the 
laser beam which is a DC signal needs to be manipulated into a periodic signal. The process of 
manipulating DC signals into periodic signals is called chopping (signal labelling). 
Signal labelling in this experiment do not use the mechanical labelling, but electronic labelling. 
The electronic labelling process is done by adding the BC108 transistor component to the circuit. The 
emitter pin is connected to the ground, the collector pin is connected to the laser, and the base pin is 
connected to the signal generator as the periodic signal generator so that in low frequencies the laser 
light will blinked. The periodic signal from this signal generator is also used as the LIA reference signal. 
Moreover, the data collection process is conducted. The turbid water sample is poured onto the 
cuvette then placed parallel between the laser and the detector (Figure 2b). The data collected in this 
experiment is the value of the photodiode voltage as a representation of the light intensity received by 
the photodiode. The voltage when the cuvette is empty (not filled with turbid water) is recorded as V0 
and the voltage after the cuvette is filled with turbid water is recorded as Vi. The values of Vi and V0 
were measured in two conditions, dark and bright, to see the virtual-LIA's ability to reduce noise around 
the system. In dark conditions, the system is covered with a black cloth so that there will be no other 
light can be detected except the laser beam. In bright conditions, the system is not covered with black 
cloth that the photodiode will receive other light around the laser beam. This voltage value is measured 
by the virtual-LIA as well as LIA SR510 and Gw Instek GDS-1102A oscilloscope as a comparison. 
The accuracy of the virtual-LIA measurement results is calculated using a percentage compared to the 
LIA SR510 measurement results. 
To ensure that the input signal is covered with the noise, it is necessary to observe the graphic 
form displayed by the virtual-LIA. The advantage of virtual-LIA is that it can display direct graphic 
form, while real LIA cannot. The graphical display of the input signal from virtual-LIA is compared 





Figure 2. (a) The circuit scheme of the light transmission experiment in turbid water, (b) The system of laser, cuvette, and 
photodiode. 




3. Result and Discussion 
3.1. Graphic Form 
The graph of the input signal after passing through the dark and bright turbid water is observed to see 
the signal when it is covered by noise. Graph form of virtual-LIA and oscilloscope readings for each 
turbidity level is shown in Tables 1–4. 
Table 1 shows the graphical form of the input signal when passing through an empty cuvette. 
The amplitude value is about 0.2 volts. In bright conditions the signal is covered by noise, it can be seen 
from the virtual-LIA graph that the position of the trough changes from zero (in dark conditions) 
increases to 0.05. The graphic shape on the oscilloscope shows the same condition, there is a change 
towards the positive y-axis in the position of the trough. The weakness of this oscilloscope is that it 
cannot show the scale value on the x-axis and y-axis clearly. 
Table 2 shows the signal amplitude decreases when it passes through turbid water by 3000 NTU 
to around 0.03 volts. Noise disturbed conditions can be seen from the graph in bright conditions, that 
the trough position change from -0.01 to 0.06. 
Based on the graph in Table 3 it is known that the input signal has the same amplitude value, 
which is around 0.03 volts after passing through turbid water with a turbidity level of 3500 NTU. It can 
also be seen that the input signal is disturbed by noise in bright conditions. 
Similarly, in Table 4, based on the graph that is displayed by the virtual-LIA and the oscilloscope 
input signal amplitude value after going through the murky waters of the NTU 4000 was about 0.03 and 
the signal covered by noise in bright conditions. 
This condition in Tables 1–4 shows that the input signal is covered by the noise and the virtual-
LIA can function properly in displaying the signal graph. In addition, by comparing the graphs in Tables 
1–4, it can also be seen that the turbidity of water can make the input signal smaller. It can be seen from 
the amplitude of the signal in Tables 2–4 which is smaller than the amplitude of the signal in Table 1. 
Both conditions are needed to test the virtual-LIA's ability to filter out noise in small input signals. 
 




Graphical form of the input signal in dark 
room condition 



































Graphical form of the input signal in dark 
room condition 












Graphical form of the input signal in dark 
room condition 



















































Graphical form of the input signal in dark 
room condition 







3.2. Values of V0 and Vi 
Values of V0 and Vi are measured by using the virtual-LIA, LIA SR510, and an oscilloscope in dark and 
bright room conditions. Before comparing the turbid water transmission values measured by the virtual-
LIA and LIA SR510, we may see the first a comparison of the voltage measurement results in dark and 
bright conditions for each measuring instrument. This aims to determine the ability of the measuring 
instrument to reduce noise covered the input signal. The measurement results of the oscilloscope, 
virtual-LIA, and LIA SR510 are shown in Tables 5–7. 
Table 5 shows the difference between the photodiode voltage measurement by the oscilloscope 
in light and dark conditions reaches an average value of 307%. This indicate that the input signal is 
covered by much greater value of noise and the oscilloscope cannot filter the noise. 
 
Table 5. Voltage measurement of photodiode SP-8 ML by oscilloscope. 
 
Sample 
V0 RMS (volt) Differences 
(%) 
Sample 
Vi RMS (volt) Differences 
(%) Dark Bright Dark Bright 
Empty 
cuvette 
0.043 0.096 123 3000 NTU 0.013 0.086 561 
0.043 0.077 79 3500 NTU 0.012 0.070 483 
0.044 0.096 118 4000 NTU 0.012 0.069 475 
Average 307% 
 
Table 6. Voltage measurement of photodiode SP-8 ML by virtual-LIA. 
 
Sample 
V0 RMS (volt) Differences 
(%) 
Sample 
Vi RMS (volt) Differences 
(%) Dark Bright Dark Bright 
Empty 
cuvette 
0.048 0.048 0.00 3000 NTU 0.0092 0.0092 0.00 
0.048 0.047 2.08 3500 NTU 0.0087 0.0088 1.15 
























Table 7. Voltage Measurement of photodiode SP-8 ML by LIA SR510. 
 
Sample 
V0 RMS (volt) Differences 
(%) 
Sample 
Vi RMS (volt) Differences 
(%) Dark Bright Dark Bright 
Empty 
cuvette 
0.048 0.048 0.00 3000 NTU 0.0088 0.0088 0.00 
0.049 0.048 2.04 3500 NTU 0.0088 0.0088 0.00 
0.049 0.049 0.00 4000 NTU 0.0088 0.0088 0.00 
Average 0.34% 
 
Based on Table 6, the measurement results of the photodiode by virtual-LIA are relatively stable, 
both in dark and light conditions, with the average value of differences is 0.54%. This value differs. It 
is only 0.20% compared to the LIA SR510 measurement results in Table 7. These data indicate that the 
V0 and Vi measured by virtual-LIA are very close to the LIA SR150 measurement results. These results 
prove that the developed virtual-LIA can filter noise well so that it can produce accurate data. This 
condition is in accordance with the main function of the actual LIA instrument. 
 
3.3. Light Transmission Value 
Furthermore, to reassure the accuracy of the virtual-LIA’s measurements, V0 and Vi are processed to 
determine the transmission value of each turbid water sample. The transmission value is calculated 
using equation (10). The value of turbid water transmission is shown in Table 8. 
From the turbid water transmission value in Table 8, it is known that each water turbidity level 
has almost the same transmission value. This shows that water with turbidity levels of 3000 NTU, 3500 
NTU, and 4000 NTU has the same density and can also be included to a substance with high density 
because the transmission value was relatively small. The high-density value indicates that the distance 
between particles of the substance is so close. If the high-density substance exposed by the light, most 
of the light rays will be absorbed by the particles that make up the substance and a few other are 
transmitted through the substance so that the transmission value of these substances will be small.  
The voltage value read by the virtual-LIA in both light and dark conditions is relatively the same. 
This again shows that the developed virtual-LIA has functioned well in filtering noise. The final step is 
to calculate the accuracy of virtual-LIA compared to the LIA SR510. The percentage of virtual-LIA 
measurement accuracy is shown in Table 9. From Table 9 the developed virtual-LIA already has very 
good accuracy with a value of above 94% compared to the measurement results of the LIA SR510. 
 
4. Conclusion 
From the experiment and analysis of the measurement results, it is known that the virtual-LIA developed 
by the author has functioned well such as the real LIA instrument. The virtual-LIA can filter out noise 
in the input signal with an average percentage difference between measurements in light and dark 
conditions of 0.54%. Virtual-LIA can also measure the value of turbid water transmission with a high 
accuracy of above 94%. Virtual-LIA also has advantages over the LIA SR510 instrument, which has a 
function like an oscilloscope that can display signal graphs. 
 
Table 8. Values of light transmission by turbid water. 
 
Sample 
Transmission Value (T = Vi/V0) 
Virtual-LIA LIA SR510 
Dark Light Average Dark Light Average 
3000 NTU 0.19 0.19 0.190 0.18 0.18 0.180 
3500 NTU 0.18 0.19 0.185 0.18 0.17 0.175 
4000 NTU 0.18 0.18 0.180 0.18 0.18 0.180 
 
Table 9. The percentage accuracy of the measurement of turbid water transmission compared by virtual-LIA to LIA SR510. 
 
Sample Vi/V0 Virtual-LIA Vi/V0 LIA SR510 Accuracy to the LIA SR510 
3000 NTU 0.190 0.180 94.7% 
3500 NTU 0.185 0.175 94.6% 
4000 NTU 0.180 0.180 100% 
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